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ABSTRACT : 

PROBLEM TO BE SOLVED: To compensate for a lateral direction tape 
motion (LTM) by helping the track following by a magnetic 
reading/writing transducer, while a tape medium is pulled linearly 
on top of the transducer in a lateral direction by the LTM. 

SOLUTION: A fine head position control loop 170 responds to the 
instantaneous tape position information sensed by an optical pickup 
head 134 from one of servo track patterns 106 corresponding to the 
set or the group of a currently followed line shaped track. If a 
position offset or a position error is sensed by the head 134, a 
correction drive current which passes a voice coil 131 of a voice 
coil motor 13 0 is generated. The current imparts a torque force to 
a rotary dual -beam structure 12 6, and a head structure 112 moves 
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i mm. i ] i xr-/vcom^Mrr-rx'$) x . 
mmmtmtmicvfkz mot- tsma x xm 

7—-Tli2t>lz. 10 
W->imsi7--7<r)Wm£felz}5^Xtt5-Zti$>. 20 

mm i £sm<r)QmmT-7„ 
mm*] mm&'*?->i±Tv>hMi.izx') 

imm5 ] UffiB?/ v-v{4xv#^Jnit: i 0 
iztmtt Z t fc J: omstis » 3I#H l izWMtnm 30 

nm?&ztiz£*)BtfLZiiz>. mmuzwrnnm^, 

imm.9 1 ffi$mmx'$>-?x . 
mxfoizimm^ffi&^^y vmsmb/mjLh 
7 y^f A-u-r-b u n i o r ? -tx «reg^ i <r> 

fiflESfS 1 <^ifi±tCffl^$il.S^S« y zz.Tt-7 h 7 

^fcmiE^2^iia±tc^$ixililBjfe^-^h 7V 
^fa- WzXmftZii. ->J--tf7*-r-'A.y?ffi^ 
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h- 7 yxT X hY7v? 7 *-o>f ynmv 

imm 1 0 ] mmm-rtfY'n ym^—r 
imiz%i^x®W'>xmrt&m$k^>v mmz-fti 

m3Emw*Mfctzm$m<?)$>&77xi-v ?mmm 

$Lh7 y?iffi2.l. KfiEh7 y^cO#««fl!!c7)b5 y 
?fc#LT&8^|6]fta£WLTii9. fliea^iBS 

fc#£WfcJi*>S*tft: h 7 v?V-#^?-y$%*; 

wnw-yimft/m&^y Hi:^^t(of-7i 

IJtfDfiiOmE r- 7 y ? <O^8«frf6iafii&^<0B^T— 
Hifrr-r yXfAli . 

T~7W&izMLxmijftizimm i *imx'S>z>^-v v 

^•^'J-y^'fc. 

mM^-xtcl^Sii, luS^-y K^f-v U -y ^'Srm 
a-U >y^Srafi[a«W>^^ta!oT^a<0r-rh5-y 

imr-7im£®&Lxmm&mfetz>t:ibm. 

minmm^ztm LzmiEimzmL Lmmnn^ 
£ msmm&mmf^mz mm lx . buIEt-? h 5 y 

mimT~7tzttLxm*fo£mm.w.ttirt-z>tztb 

ff^^^-y Ymmt. %?m\izm>zixh \-7~t?*r 

[000 1 ] 

BfctHK$iU:, ^HH^va-^' • A • -fry/* (George 
A. Saliba) Hi 5 r^^T-^^f-^x-^SIsl^k 
rt—T—Vw Vtfi/i/3i~i ( "Dual-Actuator Pi vo 
ting Lever Tape Head Positioner" ) A 



3 

(Quantun) Vff*9Q9 8-l 087-US 1 ) tM 

mm^m raa txa o . *<?)ffi*\iz 

[00021 

vwifi hy-v? mizmm tmE-t ft ^nrM-r *^ 

®%T-7ami'ZTMzmtZ . 
[0003] 

imxo'mi T=j?>in--7m§!it*-wz±M<7)T- 

2^7TP-^#fflV^*lT^ft. — *<OTTo-f- 

£-frft„ fc^-ocorTD-f-t'Ji. a^tooy-ra 

neii* £ fc ■«* ftft . 

[ooo4] -r<T«ffi^_hHfi^r^=5r^saieiina 

figtf)|in±a*fc#>f>ircv>ft. 'J-r f—TtBH^^ 
HKW&fft&lfcLT. *MV*- (ttl. 2 7cm) WW 

coy-7h5y?£^T*£ftJ:3K^ft*:*'>. flSS^ 
■r yTfcitfh? y £*l*r?/l^-y h-'v/P 

^H-^^m^ y^mmizf^^x^h. f-7is 

fc ifc . J: »)«< Stioofc •) . IffiKfchS v»y 

•y^-i/'fcfcv^Tr-rSrJ: 

Ooofcft. 

[0005] y -Tx-7-jas*<jt«w©jaT'S) "? . t 

T^y HflBSSrffloTIBg^^wy-Tgffi^oT 

iS^ft^tJi^Sfc^fc 

ti r «*l«lx-7-»j ttzii TLTMj fcLTaf.fi 

ft. LTMtty^Tx-7te»tfc(tl.h7 y^y^x 

7-c7>±3rKHT'S>ft. LTMh77^y/i5-?rft 

/M^ftTTn-f-moJi. rgCTft-r-7»8tt# 

>f Kj ( "Rotating Tape Edge Guide" ) bMZtlt:. 

tomm^z&mizxvmmztiz. m-izmAiz 

!&g£ft6*ro3pf*&5. 4 14, 5 8 5-5|fciafi3ix 
•fft-IfcT'&ft. Z<0TTX3-^zX *) LTMfcft-Tft 

ntprig^r im-7-j ssasgawsfifta^ ®^ffi 

InSEaj^ y K>5rfc*cofiLv^-y K8*g£ JtffrL^&ia 
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J: 0Sv^*SE(*OtiiStc J: ») . h77 ?«iftft 
fc*3<*0. T-r±tc§<?>^<Oh7 y^S:ffl£ 
Utft. BLisS:**^ SJERBWi L TM"C£> 0 . &fth 
7 -y ?iHi-&fc Jtf r- 7 -y ^^JStCfcV^JifiStt^g 
v*tttg£ tfc ^^fc+ttEffifcr-r**: fc'S £ fc*J 

[0006] LTM<9fE0E<9»&&<9 1 

^-ift^-rsmtcx-T±ta^-9--^'b7-y^ 

10 fcT'&o*:. £ o LK^-7\±%mmizii^xi$ r^f- 
#>7*--?>y MLStutj x-:Tfcl/C&»-C*9. r 
-T-tiBi^-^ h77^ £f BUtf" ft Xfy rttitt 
l9i9Jfli>a>A>ft. f»7*-7»Ht{ihftf-7t 

m^tz7—7i/XTj><mii rim.wommizT?-tx 

$*lftb7y?<9d^Ovvfixa>£Jfl^ftS^h7-y 

?>«3-fftT-;? h77^ mmt&smmztuzm 

i6«-t>--^fcJ:t^x-^^J ( "Servo and Data For 
mat for Magnetic Tape Having Plural Spaced-Apart S 
20 ervo Areas Interleaved with Data Track Areas llavin 
g Serpentine Track Scanning Using Any One of a Plu 
rality of Number of Concurrently Accessed Track 
s" ) kMZtUmWlftffm 5, 432. 6 5 2^lzm 

A ?0)t&><r> V y y 9 t >y ^-x 7 J 
( "Track Pitch Error Compensation System for Data 
Cartridge Tape Drives" ) k ] B&trfz : %mm% x 5 . 
67 5. 4 4 8^(CiOS«2fxS. 

[0007] %m<mm-~# \-=7 v? $r^tt&*\ $. 

30 tz\iT-7\iZ%mZtlhmS&-- J ? 7—9 V 5 -y ^rt t 
•9--#ffl#S-S3 ! tf*^-B.SW)Sfc. Tr-rH5-f r 

x-^<7)-0ll3&i. m^tUz^T-y^~9HJ:X/^ 
paj)\S\y V&Wi^Ui ( "Combined Stepper M 
otor and Voice Coil Head Positioning Apparatus" ) 

tmztuzwmftm5 , 28 o, a o 2^-t*<f 6*1 

ft. 

[0008] 7a-/t-fa?W:t3^t-t>h7 
40 y^^ft^ilT^ft. yuyt—TlXf&XWm 
tt<?5&ft H5>f r^-^-df^xAtcJ: •? 

Sj ( "Method and Apparatus for Generating Track 
Error Signals by Means of an Optical Servo Syste 
m" ) tmZtlfzWmff& 5, 0 6 5, 38 7-f iZ& 

if^tixti*). *<7>mm±zziz5miz£*)ffl$zti 
ft. 

[0009] Ztit>(DMfmi<r)m:ti IXSTTU-^ 

&*<?>n®2tuzmi}£vmmzii^xi3.imx'$>'> 
50 Mftt5ii/Fy4 7imni!mt3ivtmiw% 
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f-f-v ^Vf^A'T. Ml - S >7T-7i/XTJ>.<?}£ 
[00 103 

[00113 zomico-mmzMui. v-r$mr 
Mtu/»a f 5 >xf 3.-9-7* > ti •? 7? 

. «Re>y h77 i c^ffl±tc 

3 -ME J: 0 fcffl^t6WW$^519i!«S@aas 

/#& F 5 yxf jl— 9-<?rv - y F£± o ti&WSi. 

*U SMiai/S&F^XT^— *fc<fcSF5-y:77 
[00 123 £«>ft9ie)£;h.6:& itfffiOBW. J3iB« 

[00 133 

[#£ Lv^ilifeWlcDPMKriiBB] fcW>fc:0 1 £#*?L 

«^2»r-n OO^tK'J-^^lX'J-yl' 
(H^rf ) 'vx-TF^TmtfU 1 0£iI-?T*l'P 

ftScoa'^fiS. f-n 0 0Ji*5#l 5 04 >^ 
(#3 . 81m) ^t'cOi^OOU^Tffl^aLS-C^Kl 

$-££>fi*. cioffij&offlttaEJg^ f-rioo*«f 

-7^4 71 1 OWffitlSWT-r^ Y&XV^v F 

ot^f-ri o ocoo-rm^^ fohMt l< 
f— rsan ( 'ltmj > ^^«^LTMtj:o*s 

[00143 ±ao«}: o fc. LTM£ffi«t6fctf>?>« 

m)^-yT—ywinzmhc\tiimmmx^\ Liz 
tfot. issvteiix-ri o o«. r^x^-y^ms. 
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( ^-^m ) i o 2 fc m i nzmazwimt zw3m& 
mi o 4 tiztatx (H4 (a) ) T-rnmsmatz 

M.kti&£o%W£8X'B&%ti&%&*t'—#^?—>l 

oe^a <H4 (b) ) . zcomKD-mmizxii 

If. %&*r-XW-y 1 0 6&7V y F Jill (printi 
•Ctt-S-Sft*. fci:i.{fH4 ( B ) &&XfW&5iz^<$tl 

h i o (=. 9^amuu i o 9 

1 0 6c7)±t^$itS. 
10 [00 1 53 x-71 OOli. fi&§vfi1glll 04Cfflj£ 
Ztl&IS&cOV-Tm&T-fimhJ"/? 1 08£«b 
*S (03) . Lt^t. f-T^^f yaffil 10 
li. mMT-fU&h 7 y-710 8<0^-C«*< V>< 

T'&-?Tt>J:V\ H2C&fcvt. tzt Hi 5^>«7WS^fi 
20 ^1 1 2rt(^3<lS. 5-?co^-yK^$*rO^ 

^wi^>/ hi§jsi 1 2nx<wih&Zixm\&<?> 

V^&. m2(,z5KZii&^yV0M%.(r)mf8.X'te. 7—7 

1 o o<7y%mmmmtmwv->*t:\t^mm 

1 0 8t^SiJ$il. 02-CJ±2o<OV- 
fl0 8A*i < J:m0 8Ba*jS$;fxTl*&. 

;«tii, fet i.»fH2{c*Sii&y-y i o 8 b 

-fe y hfigfcfcUT^-y K^iil 1 2tiiV^-y KTU 
30 >f 1 3 6 £S< ftSftttS^. y a ^Sffi*^ 

««liLTM>}-7-fey hJb77^y/n#SM 
KfflLaiKE^«.fc6S=SrfWaM:fe*v\ HEW 

miSz/ 3 i-®®zi>tze>-$-c\ttz£*)mzztiz,. m 

^7>7^v u -^^->'l 06AfcJ:t^l 0 6BO>1z 

t>-tztiz£*)mzznz>. 

40 [00 163 miiZvkZtl&r—TYyjrimi 10 
ittx^y^U^y^^T yT*^-^! 14fc 
itfU-Hiatl 1 6£-£tf&2r|6jtf>ffl^-y H^'xa 
^-Sr-^tf. 1 1 4«^-x 1 1 8ic:i!*3i"u U 
-Kfctl 1 6 (±Xr-y 7*^-^1 ^fc^-^H 

2 o twig-e^-x 1 1 8izm&mizmztix^x 

t>£\,\ Zi- vT^-fl 14^'J-Kial:5:I5ie$-tt 
St-^fl. »J - Fiat?* 07:7*0 -y 71 2 211 'J- 
Fiatl 1 6<OIllte7j|6]t:j5tTIS^iifc*gffl^^ri6] 
Wrfrfcmklzhtz'iX V - Fia t 3 . 
50 [ 0 0 1 7 3 ^ / F^T^ y F*-A* t«S^l 2 



7 

4(i^ y K3»t-A*BM fcttr-fey^y 1 2 6 5:5 
M Kg*t'-Al 2 6Jit^ y h4fctt£jftl 
28£-£^ intiOt'-Al 2 6«-r-7*l 0 0<0 

wmoyysn) \znvxwsm.tz\m 

y -y 12 4 IZ-O^XffislTZ S . £*-y hl2 

TR^^uWMtft^tfc^S^ -N-y mm 1 2fci 
tf/^„ 1 3 6^^a^/^T-TA..y FT 

tyyji3 2lit.f7M2 zn^^zWthti 
h. Wty%&T-7^v VT-tyfV 1 3 2I±I3(I'U 

n-f\^ KTW 1 1 R*tfflc9rtS£3fc 
^-^■y F 1 34 £-£tf . CI^J: d ffl^y F4? 
yy3tlK-/K7t>'/ l J 1 3 2£#V-yfc. 2>S 

f**u -TT-rmwmzmm: v y 

y-/9*«/Vff)Yyv9\ 0 8 CI fc . 

[0 0 18] tSfflU-^l 5 0f;tT-T10 0£fl£fltl 
lOco^Mftte-tS. U-7H 50{iiSF^L<«. MS 

>J •yyO-SS-C&S. #-F'J vis&XVrfvf U 

5 0 (±^aj U -/HSSIrt-* l 5 2 1 ETOMlH- 
&. hyyxx-hl 1 Ort^JRU-zH 54Ji^& 
')~)VWm^—9 1 5 6fci OSJffllSflS. 1 5 
2i>±tf 1 settM-vfct-^tM^-JlOP-ri 5 8 
fcJ: DWWSfu Z<rM%<?>$i£izto^Xl>V-)V 1 5 
Ofcitf 1 5 4±_lZj&&L2tl&7—7XT->Wm}m 

m.mzmmc<. mmAornn^-Ti oot-s-x. 

Sid f—TifA Ko-7 1 6 AtilslteaSfh 
2 3«i 3&x-Tj£jg!g^^S£LTV>£<oa^ 
HB£jSKft2 3tt s t-?l 5 0i>J:tf 
1 5 2<7)#«fcJ: 9ft^3*iSffl#W£ 
6±Tt-?SJm— Tl 5 8fcJ:9fflv^*U>. 
[0019] Yy >XX- hW.? ESS 1 6 0{iT-:?t> 
«J;t^3-7yhMy^-7x>f ^A'xi 6 Ztl 
t <k 0 h 5fXJK- M 1 0 SrHSlSS^fc^T'^ S 

ifr-^i®lJ-- y F 1 6 4{±. IgJfeOx-T-^vy F 

X3-7yK«^fcJ:tfJL-ifT-^iiaaJ---/ M 64 
tt±fc. ^-9>V-T\ 5 8. ffl^-y FftSftlSP/P-T 
1 6 8fc J:tfBfcttK-y KffiWWM'-T 1 7 0 Zm&t 
S. a^-yKfiLa$iJfflI/P-7-l 68«. Xf'/^t-^ 

1 1 4*®mLx'm\-7 h&m<D&*iz}5^ 
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T^ y FflljS 1 1 2 *ffi»tlt« «k ? tzm^e>ti& . h 
?yX;K-M 1 Otfitfcilf 6ffla><ol 2fflODf-v* 

fflA..y Fftffi<7>&*A J 6ffl#>£> 1 2ffltf>F? y 

3-t y F£i>Wt^.y Kffiinl 1 2 £fiBfNt& -I i: £ 

WW**"?**. et$BK y Ffifi$Wl—:7-l 7 0 

ttm-ZV-Xh 7 -y 9*9— V 1 0 6Wd *><7) 1 o#> 
^fcxtf^ty^T-yT^-y H 1 34fc«J:0®»$ 

io iihW¥f-?mim\z&m h . * h i 3 4 

izX *)®t>**Xm*7* y h*^ifiSx5-^S» 
$<xl>i:, ^pa^t^-91 3Q<ngpo4)Vl 31 

jSl l 2tt3K^ y b* 1 3 4*^£c7)-9--*'b5 y^N- 
^-y 1 0 6 £>t t'S IZltlXt: H-yX^m^f~9 

im7—7hyv9tJEL<mm-?&£omzti&. 

[0020] %&*r-X\'y"/9*9-yi 06<iii$ 
Ltz*tz\&Fm&)®m.*y-m^*l>Kt= LX t J: 

Clilt X 0 fc'O&Sr*- >x ? 1 0 6 Jtfot^ 
S^5r5fe^-y KtJ itf±iM J E^ji-A' 1 6 4*qsj 

*9~y 1 0 6 riKtTa -b Xco-K t LT©^ 

com&~* vy-v9 mmftii&mxii* < . ^ 

3f5f)k— if W yx9y47 (laser inscribing) s iy 

7;k? ATfflV h y y ^ 1 0 6 Sr t Jt t> LX t> J: 
30 \\ 

[002 1]@2t^§nSJ:3t^ m-fA^I! 
13 4tifi!*. U-^ f%Ml.35t. UyX&XXfit- 
A.X7V 7^139 ^^-tf3iaS 1 3 7 fc , ftftiiiS^ 

1 4 1 1 . mwmm 4 3 1 3Kb-A^x 

— 7"OS<7)± : 5HaM±<7)-9-— *'y\-^— y 1 0 6<03 *>(T> 

®%.coinzmiZ-£. ma««@si4 3tfcv^T«^ 

WtciZ^rig^ LTMffiSx7-fi#$r4 1 h X 0 iz L 
Xi>X\\ gS8l4 5±^t^«g\X7-fi^i*Jffll 
m^SRa 1 6 OrtcT)^-*-* 7 -bV\'-y 
40 T^OffliyD-y^ 1 70fcj* /?>il&. T'D.y^ 17 OHM 

iim 1 4 O ^LT^3-f /HE-* 1 3 OOfitfifft 

^n-f ^ 131 tmanu ^co^m^-^^ b 

M HH*b*-A18i£ 1 2 6*mLXtt5-2tl. 5S$v/ 
3|^A.. y HT-b^'J 1 3 25r>'>— t/H 2 8fcO^ 

-7-ioo5r^t'si3t-r-s. stsaiaa 

■^-#7 < - hv< -y * SJffll^o «y * 1 7 0 *i U T;W* >f 
50 ATSS^LTiftftU lf^>f/^-* 1 3 0<0«t*(6J 
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ilPv-y KflBil 3 2£#trt'-A7*-lr y/'J 1 2 6<7) 

nmmwdfi>. m.mEi&mzmLizmm2nmk 

[0 0 22] ff^3>f;l^:-^13 0(i. ff^3-f;H 

•tSil^^l 4 2£Mf. SJgSltfrl 4 2Jiiil^S 
J^K-fci 0 'J - Fiat? * uTT? y F*-A 12 2 

izmtmnzmztih. #^3>f;n 3 m^sess^ 

—»7 4 — K A -y 9Vm?v -y?170 A>£>g?& 14 0 

t , z m.m®%.m 1 4 2 o&AMGizx 0 1 & 

^n**®V^t'-AfflJtl2 6^«t*-(&KCti^WC 
SSElU^-yrTLTM^iE-rSidtC-rS. ^jSrMJkT 
^f^x-?*-* 1 3 0«*AK5/3>f/t«-&*5r 

Ti> iV\ ^-y KS^ffiiSe^-y h 1 2 8«A-1 24 
tWLTi*tlHl!E^rtig-CfeoTt>J:< . ^-y HH*ffi 

jsi 2 b^mm^mmzm^hti. ^<m*)\t 

Wift^PHfrT?^*.*-? 1 30ti *)tt5-2tl 
&m;J}lz£*)]!&mZtL&. ftbOfc. K*rM28 
JiA-l24fc:H5££irOvc f«A-12 
4t±fcf5A-fc LTfilSEU #^3>f;l^E-^ 130 

fci vtt^ti&wmMzmgLx^y Ymmmmi 2 

[0023] ^-t-**^-y Hi;»3&ffil£a£ttB <fc 

iVf— (Belser) ^\C0 rxytfXflnlSft/^^JgsS 
£#t&21^loE3*«<*:j ( "Bi-Level Optical Med 
ia Having Embossed Header Format" ) bMZtCfzXB 

mm 5 , 615. 20 5mzmL^ti. toffiai&z 

Ztt\miz£*)&mZti&. ith*)<?)#£L\^^v 
Vit. iit*«)IW«&giffllcJ:OJWBSii* r CDT 

^g*a^5i»J-— -y r-j ( "Laser-Detector-Hologra 
m Unit for Thin Optical Pick-up Headof a 03 Playe 
r," IEEE Trans, on Components, Packaging & Mfg. Te 
ch. A-hB. Vol. 18. No. 2. 199 5*5J!.pp. 
24 5-24 9) fc^SfUtaS^V. -ft -is* -f r- 
-\""?1f3\ 3 $yt>J;t^Ai^-v (Yoshikawa, Nakan 
ishi, Itoh, Yamazaki, Komi no, Musha) 

[0024] %£H6 £#BgLT. V—XKf—yeM 
iU)-MUHVKKMBtt2 0 2»^tr. lOHCliV^ 
T, 2ofl>^a!»2 04feJ:tf2 0 6ttBmatE« 
2 0 2«»|Brt-6W»*fc4f6J:"3»«S*fe*i*. * 
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1 . Title of Invention 

MAGNETIC RECORDING TAPE, AN INFORMATION 
STORAGE MEDIUM, AND A MAGNETIC TAPE RECORDING 

AND PLAYBACK SYSTEM 

2. Claims 

1- A spool of magnetic recording tape comprising: 

an elongated continuous web of flexible plastic substrate material having 
two edges and defining a front major surface and a back major surface, 

a magnetic storage medium formed on the front major surface, the 
magnetic storage medium for defining a multiplicity of longitudinal data 
recording and playback tracks, each said track having a nominal lateral location 
relative to the other tracks, 

a predetermined optically manifested track servo pattern defined on the 
back major surface, the pattern for indicating actual lateral displacement of the 
tape away from a nominal lateral location of a said track during tape movement 
across a read/write head. 

2. The magnetic recording tape set forth in claim 1 comprising one half 
inch width magnetic recording tape and the multiplicity of tracks comprising at 
least 1000 tracks. 

3. The magnetic recording rape set forth in claim I wherein the optically 
manifested track servo pattern is applied during manufacture of the tape. 

4. The magnetic recording tape set forth in claim 1 wherein the optical 
pattern is formed by printing. 

5. The magnetic recording tape set forth in claim I wherein the optical 
pattern is formed by embossing. 

6. The magnetic recording tape set forth in claim 1 wherein the optical 
pattern is formed by patterning/ablation by a laser beam. 

7. The magnetic recording tape set forth in claim 1 wherein the optical 
pattern is formed by selective deposition of light-reflective material. 

8. The magnetic recording tape set forth in claim I wherein die optical 
pattern is formed by selective deposition of light-absorptive material. 



9. An information storage medium comprising; 
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a linear magnetic tape medium having a first surface accessible by a 
laterally positionable, multi-head magnetic read/write transducer assembly, and a 
second surface accessible by an optical servo transducer assembly physically 
coupled to the magnetic read/write transducer assembly, 

a multiplicity of linear data tracks defined on the first surface, each linear 
track for storage of magnetic data patterns written by a head of said magnetic 
read/write transducer positioned and maintained thereat by a lateral head 
positioner, 

a multiplicity of linearly extending servo features defined on the second 
surface and read by the optical servo transducer for generating a servo feedback 
signal to aid track following by the magnetic read/write transducer as the tape 
medium is drawn there across. 

10. A magnetic tape recording and playback system for recording data 
onto a magnetic recording tape, and reading data from the tape, via a magnetic 
head structure across which the tape is moving along a tape path within the drive, 
wherein the magnetic head structure is positionable transversely relative to the 
direction of tape travel along the tape path in order to register with a multiplicity 
of lineal tape track positions, 
the magnetic recording tape comprising: 

an elongated continuous web of flexible plastic substrate material having 
two edges and defining a front major surface and a back major surface, 

a magnetic storage medium formed on the front major surface, the 
magnetic storage medium for defining a multiplicity of longitudinal data 
recording and playback tracks* each said track having a nominal lateral location 
relative to the other tracks, and 

a predetermined optically manifested track servo pattern defined on the 
back major surface, the partem for indicating actual lateral displacement of the 
tape away from a nominal lateral location of a said track during tape movement 
across a read/write head; and, 
the tape system comprising: 

a support base, 

a head carriage positionable relative to the support base and laterally 
relative to the tape path, 

coarse positioning means mounted to the support base for moving the head 
carriage laterally relative to the tape path to position the head carriage at a 
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selected one of multiple (ape track positions in accordance w'irh coarse positioning 
information, 

fine positioning means mounted to the coarse positioning means for 
pivotally securing the magnetic head structure adjacent to the tape path, 

the magnetic head structure including optical sensing means for sensing the 
optically manifested track servo pattern and for producing a position signal, and 

a fine position control loop responsive to the position signal for generating 
and applying a correction signal to die fine positioning means to fine position the 
magnetic head structure laterally relative to the tape in order to follow particular 
ones of the data tracks. 
3. Detailed Description of Invention 

Reference to Related Application 

The present invention is related to commonly assigned, copending U.S. 

Patent Application Serial No. . filed on the same day as this 

provisional patent application for ^Dual-Actuator Pivoting Lever Tape Head 
Positioner", George A. Saliba, Inventor, (Quantum Docket No. Q98-1087-US1X 
die disclosure thereof being incorporated herein by reference. 

field of the Invention 

The present invention relates to magnetic tape recording. More 
particularly, the present invention relates to a multi-channel magnetic tape 
recording system employing an optical tracking servo to sense and correct for 
lateral tape motion, and lateral track motion, as the tape is drawn longitudinally 
across a head transducer assembly. 

Background of the Invention 

Digital tape recording remains a viable solution for storage of massive 
amounts of data. Conventionally, at least two approaches are employed for 
recording of digital information onto magnetic recording tape. One approach 
calls for moving the tape past a rotating head structure which records and plays 
back user information from discontinuous transverse tracks. Interactive servo 
systems are employed to synchronize rotation of the head structure with travel of 
the tape. Another approach is to draw the tape across a non-rotating head at a 
considerable linear velocity. This approach is sometimes referred to as linear 
"streaming" tape recording and playback. 

Increased data storage capacity, and retrieval performance, is being 
required of all commercially viable mass storage devices and media. In the case 
of linear tape recording a popular tread is toward multi-head, multi-channel 
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fixed head structures with narrowed recording gaps and track widths so that 
many linear tracks may be achieved on a tape medium of predetermined width, 
such as one-half inch width tape. Tape substrates are also being made thinner, 
with increased tape lengths being made possible in small diameter reel packages. 

Because of a relatively high linear tape velocity, and because tape substrates 
continue to be made thinner and thinner, guiding tape past a tape head structure 
along an accurate invariant linear path has proven to be highly problematical. 
One error phenomena is known as "lateral tape motion 0 or "LTrVT. LTM is a 
major source of tracking errors in linear tape recording. One approach to 
minimizing LTM tracking errors is to provide a multi-roller tape guide 
structure, such as the type described in commonly assigned U.S. Patent No. 
5,414, 585 entitled: Ttaating Tape Edge Guide*, the disclosure thereof being 
incorporated herein by reference. While this approach has provided a viable 
"open loop N solution to LTM % with the advent of new head technologies, such as 
magneto-resistive read heads, and new higher coercivity recording media* track 
widths may be very small, and many additional tracks may be defined on the 
tape. Unfortunately, a limiting factor is LTM, and at some track widih 
dimension and track density, it is not possible to follow the tape accurately 
enough to provide reliable performance. 

One solution to correction for LTM has been to record or pre-record 
magnetic servo tracks (i.e. "servowrite") onto the tape before it reaches the user. 
These tapes are known in the an as "pre formatted" tapes, and the step of 
recording accurate servo tracks onto the tape is both time consuming and 
expensive. Examples of tape systems employing prefonnatted tapes are given by 
U.S. Patent No. 5,452,652 entitled: "Servo and Data Format for Magnetic Tape 
Having Plural Spaced- Apart Servo Areas Interleaved with Data Track Areas 
Having Serpentine Track Scanning Using Any One of a Plurality of Number of 
Concurrently Accessed Tracks/ Another example is provided by U.S. Patent 
No. 5,675*448 entitled: Track Pitch Error Compensation System for Data 
Cartridge Tape Drives'*. 

Once the decision has been made to provide separate magnetic servo tracks 
or to embed servo information within the magnetic user data tracks recorded 
onto the tape, a suitable coarse position/fine position actuator mechanism must be 
added to the tape drive, One example of a stepper motor/voice coil actuator is 
provided by U.S .Patent No. 5 r 280>402 entided: "Combined Stepper Motor and 
Voice Coil Head Positioning Apparatus". 
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Optical servo tracks have been provided within floppy disks. One example 
of a floppy disk and compatible drive is given ia U.S. Patent No. 5.065,387 
entitled: "Method and Apparatus for Generating Tracking Error Signals by 
Means of an Optical Servo System", the disclosure thereof being incorporated 
herein by reference. 

While these prior methods and approaches have worked within their 
intended applications and uses, improvements and simplifications in the medium 
and drive apparatus have been lacking. Accordingly, a hitherto unsolved need 
has remained for a multi-track, multi-channel digital streaming tape system which 
overcomes limitations and drawbacks of the known prior approaches. 

Summary of the Invention with Objects 

A general object of the present invention is to provide a tape recording 
system and recording tape with an optical servo pattern to enable correction of 
LTM in a manner overcoming limitations and drawbacks of the prior art 

In accordance with one aspect of the present invention a linear magnetic 
tape medium has a first surface accessible by a laterally posiiionabie, multi-head 
magnetic read/write transducer assembly, and a second surface accessible by an 
optical servo transducer assembly physically coupled to the magnetic reaaVwritc 
transducer assembly. A multiplicity of linear data tracks are defined on the first 
surface. Each linear track provides storage of magnetic data patterns written by 
a head of said magnetic read/write transducer positioned and maintained thereat 
by a lateral head positioner. A multiplicity of linearly extending servo features 
are formed on the second surface and are read by the optical servo transducer 
which generates a servo feedback signal to aid track following in the presence of 
lateral tape motion by the magnetic read/write transducer as the tape medium is 
drawn linearly there across. 

These and other objects, aspects, advantages and features of the invention 
will be more fully understood and appreciated upon considering the following 
detailed description of a preferred embodiment presented in conjunction with the 
accompanying drawings. 

petted Description of a Preferred Embodiment 

Referring initially to Fig. 1, a magnetic recording tape 100 is shown being 
drawn through a tape drive mechanism 1 10 from a supply reel to a take-up reel 
(not shown) along a nominal linear tape path indicated by arrow TP. The tape 
100 is moved at a considerable linear relative velocity, such as 150 inches per 
second. Because of this high relative velocity and contact between the tape 100 
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and mechanical tape guide and head elements of the tape drive 1 10, the linear 
movement of the tape 100 along (be nominal tape path TP results in certain 
undesirable additional tape movements, a principal one of which being lateral 
tape motion ("LTM*) or morion transverse to the nominal tope path as indicated 
by arrow LTM. 

As discussed above, although mechanical steps are known to reduce LTM. 
at certain high linear track densities and narrow track widths it is not practical to 
rely entirely upon open loop tape mechanisms. Accordingly, the magnetic 
recording tape 100 includes, in addition to a plastic substrate (base film) 102 and 
a magnetic storage layer 104 coated onto a first major surface (Fig 4tty an optical 
servo pattern 106 formed so as to be viewed ai a reverse major surface of the 
tape (FigiKW). In accordance with an aspect of the present invention, the optical 
servo partem 106 is applied during tape manufacturing, as by printing or 
embossing. A thin transparent protective layer 109 is formed over the optical 
servo partem 106 as shown in Fig.4(B) and Fig. 5. for example. 

The tape 1 00 provides for multiple linear magnetic data storage tracks 108 
defined in the magnetic storage layer 104 (Fig. 3), Accordingly, the tape drive 
mechanism 1 10 includes a multi-channel magnetic head structure 1 12 having 
multiple read and write head elements aligned to read some, but not all of the 
magnetic data storage tracks 108. The write elements are preferably realized as 
thin film magnetic write structures, and the read elements may be thin film or 
magneto-resistive read elements. In Fig. 2, a head array comprising e.g. five 
magneto-resistive read transducers is depicted within the head structure 1 12. 
While five heads are shown, in practice ten or twelve heads are presently 
preferred for both writing and reading within the head structure 112. With the 
particular arrangement of heads shown in Fig. 2. the effective recording area of 
the tape 100 is divided into multiple zones or bands of parallel magnetic 
recording tracks 108, there being two zones 108A, and 108B shown in Fig. 2. 
This arrangement therefore requires a head positioner mechanism which coarsely 
positions the head structure 1 12 and head array 136 within a particular zone, e.g. 
zone 108B shown in Fig. 2. and at nominal track set positions within each zone. 
Moreover, in order to follow LTM, the head positioner mechanism must provide 
for very rapid head position corrections tracking the LTM offsets. Generally, 
this requirement is satisfied by providing a head positioner mechanism which is 
corrected by an optical servo partem 106 and by an optical servo feedback 
control 138. In the example presented by Fig. 2 this requirement is satisfied by 
providing e.g. two bands of optical servo patterns 106A and 106B. 



The tape drive mechanism 1 10 shown in Fig, 1 includes a lateral coarse 
head positioner, including e.g. an incremental step motor 1 14 and lead screw 1 16. 
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The motor 114 is attached to a base 118. while the lead screw 116 may be 
rotationally mounted to the base LIS between the step motor 1 14 and a journal 
120. As the step motor 1 14 rotates the lead screw, a lead screw follower bloc* 
122 follows the lead screw over a limited range of bi-directional Lateral 
displacement dependent upon rotational direction of lead screw 1 16. 

A head mounting platform or structure 124 supports a head mounting 
beam structure or assembly 126. The head mounting beam 126 includes a pivot 
or fulcrum 128 which enables the beam 126 to pivot about the platform 124 over 
a very limited range of rotational displacement in a lateral or transverse direction 
relative to a main longitudinal axis (direction of travel) of tape 100. A limited 
displacement force is provided by a voice coil motor 130 extending on one side 
of the pivot 128, while a magneticfoptical tape head assembly 132 including the 
head structure 1 12 and head array 136 is provided on an opposite side of the 
pivot 128. The magnetic/optical tape head assembly 132 is generally U-shaped 
and includes on one inside wall the multi-channel magnetic transducer head array 
1 12, and on an opposite inside wall an optical servo head 134. The coarse head 
positioner therefore positions the head assembly 132 at each zone, and at each 
track set within the particular zone. For each track set there is provided an 
optical servo tracking pattern, so that if the optical servo head follows the 
appropriate tracking pattern during linear tape movement, the magnetic head 
array 136 will follow the tracks 108 of the particular track set. 

A supply reel 150 supplies the tape 100 into the mechanism 1 10. The reel 
ISO is preferably a part of a single-reel tape cartridge which includes a suitable 
buckling mechanism. The cartridge and buckling mechanism are conventional 
and are not described further. The reel 150 is rotationally engaged by a supply 
reel drive motor 152. A take-up reel 1 54 within the transport 1 10 is controlled 
by a take-up reel drive motor 156. The motors 152 and 156 arc controlled 
independently by a motors control servo loop 158 in order to provide an 
appropriate amount of tension on the tape 100 irrespective of the relative 
diameters of the tape spools formed on the reels 150 and 154 at any particular 
time. A tape guide roller 16A is shown coupled to a tape speed sensing device, 
such as tachometer 23. The tachometer 23 is used conventionally by the motors 
control loop 158 in controlling relative torque applied by each of the motors 150 
and 152. 
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A transport electronics circuit 160 includes a data and command interface 
bus 162 enabling the transport 1 10 to be connected to a computing environment 
An interface command decode and user data processing unit 164 provides 
conventional tape command decode and status functions, and user data 
compression and expansion functions as well as error correction processes. 1c 
also supervises the motors loop 158, a coarse head position control loop 168 and 
a fine head position control loop 170. The coarse head position control loop 168 
is used to control the stepper motor 114 to position the head structure 112 at each 
nominal track set location. It should be understood mat the transport 1 10 incudes 
a plurality of parallel user data channels, such as 6-12 channels, and that each 
nominal coarse head position locates the head structure 1 12 at approximately each 
set of 6-12 tracks. The fine head position control loop 170 responds to 
instantaneous tape position information sensed by e.g. the optical pickup head 134 
from one of the servo track patterns 106 which corresponds to the set or group 
of lineal tracks presently being followed. Any positional offset or position error 
sensed by the optical head 134 will result in a corrective driving current passing 
through a voke coil 131 of the voice coil motor 130. This current wilt apply a 
torque force to the pivoting dual beam structure 126, and the head structure 1 12 
will be returned to correct alignment with the magnetic data record tape tracks 
being followed as the optical head 134 follows a particular servo track pattern 
106. 

The optical servo track patterns 106 may provide continuous or discrete 
position error signals. Each track may be encoded with a unique value or code 
which enables the optical head and main control module 164 to determine which 
nominal servo track 106 is being followed. Advantageously, the servo track 
patterns 106 may be formed as a part of the tape manufacturing process, with the 
result that there need be no separate magnetic servo track writing operation as 
pan of tape manufacturing. Conventional laser inscribing, embossing or 
patterning techniques may be used in real time during tape manufacture to 
provide the tracks 106. 

As shown in Fig. 2, the optical servo head 134 may conventionally include 
a laser light source 135, an optical path 137 including lenses and a beam splitter 
139. and a photo detector array 141 and preamplifier 143. such that a light beam 
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may be focused upon a particular one of the servo patterns 106 on the reverse 
major side of the tape and result in electronically discernible LTM position error 
signals at the preamplifier 143. A resultant electrical error signal on a path 145 
is sent to the optical servo feedback fine loop control block 170 within the control 
electronics 160. The block 170 generates a bi-directional head position 
correction driving current and applies the driving current via a path 140 to the 
lateral voice coii 131 of voice coil motor 130 which results in a servo bias 
torque. The bias torque is applied through the support structure 124 and head 
mounting beam structure 126 to pivot the magnetic/optical head assembly 132 
about the journal 128 and thereby follow the tape 100 despite the presence of 
^ ( LTM. Ideally, the fine position servo feedhack mnt rp l block 170 operates 

continuously in real rime to apply head position correction currents to the lateral 
voice coil of voice coil motor 130. The fine position servo loop has a high 
bandwidth* and the beam assembly 126 including voice coil 131 and head 
structure 132 has a low mass, such that position corrections may be applied and 
effected very rapidly to minimize any tracking errors. 

The voice coil motor 130 includes in addition to the voice coil 131 a fixed 
portion 142 carrying e.g. a suitably magnetized permanent magnet. The fixed 
portion 142 is mechanically attached to the lead screw follower platform 122 by a 
suitable support bar. The voice coil 131 receives a head position correction 
current over the path 140 from the fine position servo feedback control block 
170 and creates a magnetic field which interacts dynamically with a magnetic 
field provided by the permanent magnet of the fixed portion I42 T such that a fine 
position correction force is generated which incrementally pivots the rigid beam 
structure 126 laterally to correct for LTM. The voice coil actuator motor 130 
may comprise a pennanenr magnet/coil combination, or it may comprise a 
piezoelectric effect motive device. The head mounting structure pivot 128 may 
be freely rotarable relative to the bar 124 with the head mounting structure 126 
mechanically biased to a neutral position, the bias being overcome by rotational 
force applied by the lateral voice coil actuator 130. Alternatively, the pivot 128 
may be fixed to the bar 124 which thereupon functions as a torsion bar enabling 
limited range lateral displacement of the head mounting structure 126 in response 
to the driving force applied by the voice coil motor 130. 



(22) 



1-339254 



The optical servo head may comprise a suitable arrangement of light 
source and photo detector array, together with suitable integrated on-board 
amplifiers. One example of a conventional optical head is described in U.S. 
Patent No. 5,615,205 to Belser entided: *Bi-Level Optical Media Having 
Embossed Header Format", the disclosure thereof being incorporated herein by 
reference. An alternative preferred optical head may be similar to one which is 
described in an article by Yoshikawa. Nakanishi, Itch, Yamazaki. Komi no and 
Musha entitled: "Laser-Detector-Hologram Unit for Thin Optical Pick-up Head 
of a CD Player', IEEE Trans, o n Components. Packaging A Mfg. Tech.. Part B, 
Vol. 18, No. 2, May 1995, pp. 245-249, the disclosure thereof being incorporated 
herein by reference. 

Turning now to Fig. 6, one preferred example of a servo pattern comprises 
a lineal reflective area 202. In this example two photo detectors 204 and 206 are 
aligned to follow opposite edges of the lineal reflective area 202. The photo 
detector 204 puts out an electrical signaJLSJLwnite the photo detector 206 puts out 
an electrical signal S2. Fig. 7 describes a control process which makes use of the 
Fig. 6 pattern in relation to a predetermined reference level. At a first step 210 
the process determines whether the servo signal $1 is above the reference level. 
If so, a process step 212 causes the fine positioner to move the head structure 126 
in a downward direction. If not or following process step 2 12, a logical step 214 
determines whether the servo signal S2 is above the reference level. If so, a 
process step 216 causes the head structure 1 26 to be moved in an upward 
direction, and a return is made to the initial step 210. If not, a process step 218 
determines that the head structure 126 is properly aligned with the data track set, 
and a re cum is made to the initial process step 2 10. This process of Fig. 7, while 
simplified, continues in real rime and includes appropriate damping so that the 
control loop remains stable. 

Fig. illustrates another reflective servo pattern. In this example, there 
arc e,g. five track set zones 106A. 106B, 106C, 106D and 106E. Each servo 
pattern, such as pattern for zone 106B, includes longitudinally arranged 
geometric reflective areas, such as equilateral triangle shapes which are equally 
spaced apart. As shown in Fig. 8(p)the interval of reflected light, in relation to 
the period of occurrence of the patterns, is used to determine lateral position of 
the tape and correct for LTM. For example, a track set A has a reflective 
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interval Tl which is brief in relation to the period of the pattern, while a track 
set B has a reflective interval which is considerably longer and approaches the 
period of the pattern. Fig. 9 sets forth a control process which implements servo 
control of the head structure 126 with the Fig. 8(A) pattern. In the Fig. 9 process 
a logical step 220 determines whether the reflective pattern duration is shorter 
than expected for the nominal track set location. If so, a process step 222 causes 
the head structure 126 to be moved in e.g. a downward direction relative to the 
tape 1 100. tf not, or following process step 222, a logical step 224 determines 
whether the reflective pattern duration is longer than expected for the particular 
track set location. If so. a process step 226 moves the head structure e.g. in an 

% upward direction, and a return is made to die step 220. IF not, a process step 22$ 
determines that the head structure 126 is accurately following the nominal track 

t set location, and a return is made to the step 220. Like the process of Fig. 7, the 
process of Fig. 9 operates continuously to provi de closed log gjine positioning 

^during linear movements of the tape 100 through the mechanism 1 10. 

Fig. 10 illustrates yet another reflective servo pattern for each track set 
location. In this particular pattern a continuous linear reflective area has two 
periodic lateral reflective patterns along opposite major edges- As shown in Fig. 
It , one periodic pattern Ol provides a relatively low frequency electrical servo 
signal, which the other periodic pattern 03 provides a relatively high frequency 
electrical servo signal. A continuous on track pattern 02 has no periodic 
component. Fig. 12 sets forth a control process which makes use of the Fig. 10 
pattern. A first logical step 230 drtcrmines if a repeated pulse is present in the 
servo signal. If not, a process step 232 determines that the head structure 126 is 
properly following the nominal track set and a return is made to the step 230. If 
so, a logical step 234 determines if e.g. a high frequency pattern is present. If 
not. a process step 236 impliedly determines mat the low frequency pattern is 
present and moves the head structure 126 e.g. in a downward direction and 
thereupon returns to the initial step 230- If so, a process step 238 moves the bead 
structure 126 in an upward direction and then returns to the initial process step 
230. 

The optical servo pattern can also make use of the diffractive property of 
light energy, creating a reflective pattern with overlapped reflective orders. If 
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diffraction is used, pattern constraints will be selected to be compatible with the 
resultant diffraction, reflection patterns. 

While the method and apparatus of the present invention have been 
summarized and explained by illustrative embodiments and applications in 
magnetic tape recording, it will be readily apparent to those skilled in the art that 
many widely varying embodiments and applications are within the teaching and 
scope of the present invention, and that the examples presented herein are by way 
of illustration only and should not be construed as limiting the scope of this 
invention, which is more particularly set forth in the following claims. 

4. Brief Description of Drawings 

Fig. 1 is an isometric, highly diagrammatic, structural and electrical block 
view of a multi-channel magnetic tape recording system employing an optical 
tracking servo to sense and correct for lateral tape motion in accordance with 
principles of the present invention. 

Fig. 2 is a highly diagrammatic enlarged view in elevation and cross- 
section of a magnetic/optical head assembly used by the Fig. 1 tape recording 
system. 

Fig. 3 is a diagrammatic view in elevation of a first major surface of a 
recording tape incorporating principles of the present invention and showing a 
multiplicity of linear recording trades. 

FigAUfis a diagrammatic view in side elevation and cross-section of a 
conventional magnetic recording tape, and Fig4&) is a diagrammatic view in side 
elevation and cross section of the new Fig. 3 recording tape, showing a first 
major surface providing a magnetic recording medium along with a second major 
surface providing an optical servo pattern in accordance with principles of the 
present invention. 

Fig. 5 is an enlarged diagrammatic front view of the Fig.4(») recording tape 
showing progressive removal of various layers thereof. 

Fig. 6 is a diagrammatic view in elevation of one optical servo pattern 
formed on the second major surface of the Hg&B) recording tape as a series of 
linear optical reflective servo tracks. 

Fig. 7 is a flow diagram explaining operation of the optical tracking servo 
nsing the Fig. 6 servo pattern to enable the bead to follow lateral tape motions 
during tape operations of the Fig. 1 system. 
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Fig. 8Wis a diagrammatic view in elevation of an alternative optical servo 
pattern formed on the second major surface of the FigAtlOrecording tape. 

Fig. &) is a graph of electrical servo signals generated by an optical servo 
head of the Fig. 1 assembly during sensing of one of the linear servo patterns 
shown in Fig. 8^). 

Fig. 9 is a (low diagram explaining operation of the optical tracking servo 
using the Fig. tttiservo pattern to enable the bead to follow lateral tape motions 
during tape operations of the Hg. 1 system. 

Fig. 10 is a diagrammatic view in elevation of another optical servo 
pattern formed on the second major surface of the Fig recording tape- 
Fig. 11 is a graph of electrical servo signals generated by an optical servo 
head of the Fig. 1 assembly during sensing of the Fig. 10 pattern over a linear 
track daring tape operations. 

Fig. XL is a flow diagram explaining operation of the optical tracking servo 
using the Fig. 10 servo pattern to enable the head to follow lateral tape motions 
during tape operations of the Fig. 1 system. 
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FIG. 2 
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Output of detection circuit 
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1. Abstract 

A general object of the present invention is to provide a tape recording 
system and recording tape with an optical servo pattern to enable correction of 
LTM in a manner overcoming limitations and drawbacks of the prior art 

A magnetic storage medium formed on a front major surface of a tape 
substrate defines a multiplicity of longitudinal data recording and playback 
tracks, each track having a nominal lateral location relative to the other tracks: 
and a predetermined optically manifested track servo pattern defined on the back 
major surface of the tape for indicating lateral displacement of the tape from a 
nominal lateral location of the track during tape movement across a read/write 
head. A magnetic tape recording and playback system employing the magnetic 
storage medium is also disclosed. 

2. Representative Drawing 

Fig. 1 
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